Abstract: Magnesium oxysulphate cement (MOC, Magnesia / Sorel's Cement), discovered by Sorel S.T. in 1867 and has versatile cementing characteristics. It is prepared by the reaction of magnesium sulphate with magnesia in aqueous solution. Dolomite is used as inert filler to absorb the heat evolved during the exothermic formations of oxysulphate cement. Additives play an important role to modify the properties of Sorel's cement by nullifying the harmful effects of the impurities present in the matrix. Incorporation of Portland cement in increasing quantities in magnesium oxysulphate cement improves the compressive strength of the cement remarkably. Water tightness of Sorel's cement increases with the increase in quantities of the additive (15%, 20%). Portland cement accelerates initial setting process and retards final setting process of oxysulpahte cement. An insignificant contraction in the length of the trial beams after mixing Portland cement in oxysulphate cement was an encouraging finding of the study.
Introduction
Some materials can be exploited directly or indirectly for fastening, adhering or binding substances. These are called chemical binders. This behavior is attributable to their polymerization tendencies or interlocking crystal habits 1 . A French scientist Sorel S.T. in 1867 discovered magnesium oxysulphate/oxychloride Cement [2] [3] [4] [5] [6] [7] [8] [9] . It has versatile cementing properties, superior to those of Portland cement 10, 11 . The structure of magnesium oxychloride cements has been studied by Tooper and Cartz and its figure was taken with a scanning electron microscope 12 Magnesium oxysulphate cement (MOC) of 5 mg (OH) 2 .MgSO 4 .8H 2 O composition is most commonly found 13 . Plain oxysulphate cement is a weak binder than oxychloride cement, but the nature of the raw materials, their proportions, workmanship, conditions of curing (low temperature and high humidity), post curing measures and maintenance add to ultimate strength and durability of the product [14] [15] [16] [17] . Additives or admixtures also play important role to modify the properties of oxysulphate cement and nullify the pernicious effects of the impurities present in the raw materials and thus make the product sound. Changes in properties of magnesium oxysulphate cement on admixing sodium bicarbonate as an additive have been studied separately, which reveals that sodium bicarbonate increases setting periods in all proportions within the experimental limits. It also improves the water tightness and strength of the cement when is added in powdered form. But in the form of saturated solution sodium bicarbonate is not a good additive 18 .
In this study, Portland cement is tried as an additive to improve the quality of magnesium oxysulphate cement. Effect of Portland cement on setting characteristics of magnesium oxysulphate cement was studied by incorporating it in different amounts in the dry mix (1:2 dry mix was prepared by weight of magnesia and dolomite), on the basis of: (i) setting time investigations, (ii) weathering effects, (iii) moisture ingress (Steam tests), (iv) compressive strength tests and (v) linear changes (for soundness). The results are reported in the present article.
Portland cement is essentially a mixture of calcium silicates and calcium aluminates with small quantities of silica SiO 2 (20- On account of the setting characteristics and moisture resistance of Portland cement, experimental investigations with Portland cement as an additive were therefore carried out in order to find out its effects on strength and durability of magnesium oxysulphate cement.
Experimental
Magnesium oxysulphate cement 22 can be prepared by taking raw materials including commercial grade magnesia (MgO) 23 of Salem origin, magnesium sulphate (Epson salt, MgSO 4 .7H 2 O) 24 and dolomite (as an inert filler) 25 , where dolomite reduces thermal shocks in the cement as it absorbs the heat evolved during the exothermic formation of oxysulphate cement.
To study the effects of admixing Portland cement as an additive, following tests have been carried out by taking Portland cement in different proportions in the dry mix (1:2 dry mix, one part by weight of magnesia and 2 parts by weight of dolomite) on some properties of magnesium oxysulphate cement. All experiments were carried out according to IS specifications 26 .
Results and Discussion

Setting time
The effect of Portland cement on setting characteristics of magnesium oxysulphate cement was studied by admixing the additive in the dry mix in varying proportions. Standard procedure according to IS specifications were adopted for standard consistency and initial and final setting periods with the help of Vicat needle apparatus 26 . Results are summarized in Table 1 . 
Moisture ingress (Steam Test)
In order to find the effect of Portland cement on moisture ingress of magnesium oxysulphate cement, setting time blocks with different amounts of additive were exposed constantly to boiling water for at least 30 h after two months of curing under identical conditions. This test is carried out to ascertain the soundness of the product. Relative water vapor transmissions (moisture ingress) were expressed as a function of time (h) required for the development of cracks in the trial blocks. Less the water vapor transmission more the soundness 27, 28 . Observed results are summarized in Table 3 . 
g.s. = Gauging solution, N.E. = No effect, C = Cracked Compressive Strength
In order to study the effect of Portland cement on compressive strength of oxysulphate cement, standard cubes of 50 cm 2 (70.6 mm × 70.6 mm × 70.6 mm) were prepared from IS consistency pastes having Portland cement as additive in varying amounts. These cubes were cured for one month under standard conditions and then compressive strength of the trial blocks was determined with the help of compressive strength testing machine as per standard procedure 17, 26 . Observations are recorded in Table 4 . 
Linear Change
The effect of Portland cement on linear changes of magnesia cement was studied by preparing wet mixes with different quantities of additive and was filled in standard sized moulds (200 mm × 25 mm × 25 mm). These trial beams were kept under 90% relative humidity and at 30±20 0 C temperatures for 24 h. Initial length of the beams was determined using micrometer scale. Final lengths were measured after 28 days of curing under identical conditions. Linear changes were studied by the difference between two readings. The lesser the linear change, the greater will be the soundness of the product 29 . Experimental findings are shown in Table 5 . Table 1 reflects the effect of admixing Portland cement in the dry mix in varying proportions on setting characteristics of oxysulphate cement. Initial setting times are found to decrease with increasing additive quantities. Portland cement becomes reasonably hard by moisture absorption (hydration). The reactions involved are the hydration of calcium aluminate and calcium silicate, which change into their colloidal gels. At the same time, some calcium hydroxide and aluminium hydroxide are formed as precipitate due to hydrolysis. Calcium hydroxide binds the particles of calcium silicate together while aluminium hydroxide fills the interstices rendering the mass impervious. These reactions are responsible for fast initial setting (Eq 1 -6) . Final setting periods also show increasing trends with increasing proportions of Portland cement in the dry mix. None of the above factors contribute to the final setting that requires formation of intercrossing system of crystals to give a rocky mass. Increase in final setting can be explained by the fact that Portland cement releases calcium ions in the wet mix and other polymeric anions, which are harmful for the formation of magnesia cement (Eq 7-10). Secondly, Portland cement itself is slow setting cement, which contributes to increase in final setting periods. 
Setting characteristics
Weathering characteristics
Weathering characteristics of Sorel's cement on the incorporation of Portland cement as an additive are obvious from Table 2 . Gradual decrease in the weights of the trial blocks is attributable to the evaporation of loosely bound and strongly associated moisture with lapse of time. Absorption of carbon dioxide by lime or by any other constituent of Portland cement is not involved at all as there is very little free lime on account of its presence in combined state as calcium silicate and calcium aluminate 19 . Increase in weights at later stages is therefore not observed.
Moisture ingress
Small additions of Portland cement in the matrix (5%, 10%) do not contribute to water tightness. This may be due to the erosive effect of active lime and other harmful impurities. Such an effect weakens the structure of magnesia cement. Accordingly, marked decrease in water tightness is quite expected. On increasing the quantities of additive in the mixture (15%, 20%), water tightness of the product improves gradually on account of the inherent moisture impervious nature of Portland cement. Magnesium oxysulphate, formed in such compositions, remain as strengthening filler (Table 3) .
Compressive strength
Compressive strength data of oxysulphate cement with varying additive proportions are enumerated in Table 4 . Increasing trends in compressive strength of the product with increasing quantities of Portland cement in the matrix are noticed. This is explicable by the fact that chances of formation of intercrossing systems of magnesium oxysulphate with calcium oxysulphate and also with calcium and aluminium silicates increase with increasing proportions of the additive. This contributes to increase in mechanical strength.
Linear changes
Minor contractions (within the experimental limits) in the trial beams are noticed on account of loss of moisture with passage of time. This makes the structure compact. The results are listed in Table 5 .
Conclusion
• Portland cement accelerates initial setting process where as retards final setting process of magnesia cement.
• Water tightness of the product increases with increasing quantities of the additive.
• Incorporation of Portland cement contributes to gain in strength.
• Insignificant contractions are noticed in trial beams on admixing Portland cement in the matrix.
